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Chapter 1 ?? 
 
 ????????????????????????????
???????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
???????????????????? 
????(Backward facing step)?????????????
??????????????????????????????
????(free stream)????(recirculation)?????(reattachment 
point)????(shear layer)??????(redevelopment)??????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
?????????????????????????????
??????????????????????????????
 3
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????? 
????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??? 1-1?????? 
????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
???????????????????????? 
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Chapter 2 ???? 
 
 ????????????????????????????
??????????????????????????????
??????????????????????????????
?????????????????????????????
??????????????????????????????
??????????????? ( shear layer )?????????
??????????????????????????????
?????????? ( reattachment point )???????????
??????????????????????????????
????? 
 
2-1???????? 
??????????????????????????
????????????????????????????
???? 
Bradshaw and Wong [1] ????????????????
????????????????????????????
6? 8???????Eaton and Johnston [2] ????????
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???????? 
(1) ????????????? 
??????????????????????????
??????????????????????????
???????????????????? 
(2) ????????? 
????????????????????????? 
(3) ????????? 
???????????????????? 
(4) ??????????? 
??????????????????????????
????????????? 
(5) ???????(?????/????)? 
????????? 10????????????????
????????? 10????????? 
 Kondoh and Nagano [3] ??????????????????
Nusselt number???????????????????????
????????????????????????????? 
Chun and Sung [4] ????????????????????
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??????????????????????????????
??????????????????????????????
?????????????????????????????? 
Isomoto and Honami [5] ??????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
???????????? 
 Kim and Kline [6] ????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
?????? 
 Adams and Johnston [7] ?????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
????? 
 Pinho and Oliveira [8] ??????????????????
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???? 
(1) ?????????????????????? 
(2) ???????????????????????????
???????? 
(3) ???????????????????????????
?????????? 
(4) ???????????????????????????
??????? 
 
2-2 ?????????? 
????????????????????????????
??????????????? 
Hasan [9] ???????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????Brown and 
Roshko [10] ????????????????????????
??????????????????????????? 
Ganji and Sawyer [11] ?????????????????
????????????????????????????
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????????????????????????????
????????????????????????????
???????????????? ( coherent ) ????
( pairing )? 
Easton and Johnston [2] ????????????????
????????????????????????????
????????????????????????????
???????????????????? 
Driver and Seegmiller [12] ?? Eaton and Johnston [2] ???
???????????????????????????
???????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
???????????????? 
Chiang etc. [13] ?????????????????? 
( aspect ratio )???????????????????????
????????????????????????????
????????????????????????????
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?????????? ( spiral focal ) ???????????
????????????????????????????
?????????????????????????? 
Spazzini etc. [14] ???????????????????
??????? ( wavelet analysis ) ???????? 
( secondary bubble ) ????????????( corner eddy ) ?
???????????????????????????
???????????????????? DPIV ????
???????????( forward flow probability )?????
???????????????????????????
????????? 0.75 ?????? 
Driver [12]?????????????????????
?????????????? 
0U
fXn R=                           (1) 
f???? ???????U ???????n??????1
???????????? 
R 0X
Huang and Fiedler [15] ????????????????
???????????????????????????
???????????????????????????
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????( t*=Ut/s ) 17??????????????????
??? 40???????? 6? 18????????????
??????? 9????????????? 2?????
?????? 10????????????????????
???????????????????????????
???????????????????????????
???????????????????????????
???????????????????????????
???????????????????????????
???? 0.4Hz? 
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Chapter 3 ???? 
 
3-1???? 
FDS??????? Navier-Stokes equation???????
????????????????????????????
????????????????????????????
?? Navier-Stokes equation????????????? Direct 
Numerical Simulation(DNS)???? Large Eddy Simulation(LES)?
????????????????????????????
???? 
 3-1-1 ????? 
  ??????????????????????????
????????????????????????????
?????????? DNS? LES????????????
??? 
????? 0=⋅∇+∂
∂ uρρ
t
                    (2) 
???????? ( )u u u p g ftρ ρ ∂ τ+ ∇ +∇ = + +∇ ∂ 
v v v uv uv
           (3) 
????????
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( ) r
l
Dph hu q k T h D
t Dt
ρ ρ ρ∂ l l lY+∇ = −∇ +∇ ∇ + ∇ ∇∂ ∑
v
                  (4) 
?????? ( )0 l
l
/ lp t TR Y Mρ= ∑                      (5) 
???????? ( )0P t RTρ=                         (6) 
FDS????????????????????(Second order 
Central Differences)?????????????????????
?(Explicit Second Order Predictor-Corrector Scheme)???????
???????????(Pure Central Differences)? 
 3-1-2 ???? 
??????????????????????????
???????????????????????????FDS
???????? LES(Large Eddy Simulation)?? DNS(Direct 
Numerical Simulation)???DNS??????????????
????????????????????????????
?????????????????????????? LES
???????????????????(LES? SGS)???
??????????Deardorff[1972]???????(LES)??
????????????????????????????
???????????????????Deardorff?????
?? LES???????iu iu ???????????  iu′
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1, ∫∆∆=           (7) 
?? iu ? 
( ) ( ) ( )dVtxutxG
V
txu iiV iii ,,
1, ∫∆∆=            (8) 
???????????? Smagorinsky[1963]??????
???(SGS model)??? 
??????????? 
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21                  (10) 
jijiij uuuu −=τ                            (11) 
?? ijτ  ?????????? 
??????????????????????????
?????? Smagorinsky???????????? :  
 
ijSGSij Sντ 2=                                   (12) 
( ) ijijSSGS SSCv 22∆=                            (13) 
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1                            (14) 
?? ( ) 31zyx ∆∆∆=∆ ???????? v ????????SGS
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????? ???????C ? Smagorinsky ????? 0.1 
? 0.2 ???????????????C  ? 0.14? 
ijS S
S
 
3-2 ???? 
 3-2-1 FDS?? 
FDS(Fire Dynamic Simulation)???? NIST(National 
Institute of Standards Technology)??????????????
?????????????????? Navier-Stokes 
Equation???????????????????? Smoke view
????????????????????????????
???????????? PL3D?????????????
3-1??????????3-2??????? 
 3-2-2 ??????????? 
??????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
??????(multi-block)?????????????????
????????3-3??? 
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??????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
????????????????? 
 3-3 ?????? 
??????????????????????????
????????????????????????????
??????????????? 15.4???????????
????????????????????????????
??????? 
???? 
z ????? 3.8m/s 
z ??????????????0.2m??? 0.03m
????? 
z ??????3.8m/s? 
z ??????????????0.2m??? 0.03m
????? 
z ????????? 
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z ????????? 
???? 
z ????????????? 
z ????????? 
z ?????????? 
???????????????3-4??? 
 case 1???????????????????????case 2
??????????????case 3???????? 17mm??
????? 3mm????case 4???????? 55?????case 
5???????????? 55????? 
 3-4 ???? 
? FDS???????????????? Smoke View?
????????????????????????????
??????? PL3D??????? 3D? 2D???????
??????????? Q????? Q??????????
???????? Q????? TECPLOT?????????
????????????????????? 
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Chapter 4 ????? 
 
 ????????????????????????????
??????????????????????????????
??????????? 
 ????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
???????????????????? 
 ????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
????? 
 
Case 1 ??????? 
 Case 1????????????? 4-1??????????
??????????????????????????????
??????????????????????????????
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??????????????????? 4-2?????????
??????????????????????????????
???? 3.8m/s???????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????? 
?? 4-2??????????????????? 0.19m (13h) 
?????? Driver[12]???????????????????
?????????????????????? 
0U
fXn R=  
f????X ???????U ???????N??????1???
???????????????n=1.28?????[21]??n=1.23
????????????????????? 
R 0
? 4-3?????????????????????????
??????????????????????????????
????????????????? 
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0
22
2
U
vu ′+′
                             (15) 
u′? x????????? v′? z????????U ????
??????? 4-4?????????????????????
??????????????????????????????
???????????????????????? 
0
 ??? 4-5????????????????????????
?????? yz??????????????????????
Chiang etc.[13] ??????????????????????
??????????????????????????????? 
 ??????????? y? 0.1m????????????
???? 1???????????????? 10???????
2??????????? 15??????????????? 25
??????????????????????????????
????????? 4-6-1????????????? 25???
??????????????????????????????
?????????????? 4-6-2?????????????
???????????????? 4-6-3???????????
??????????????????????????????
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???????? 4-6-4???????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
?????????????? 
 ????????????????????????????
??? x???????????? 4.0008??????????
???? 0.0008?????????? x???????????
????? 4-7?(a)?(b)?(c)?(d)???????????????
??????????????????????????????
??????? x???????????????? 4-8????
??????????????????????????????
4-9????????? 4-10?? 4-11?????????????
??????????????????????????????
??????????????? 4-12? 4-13?????????
??????????????????????????????
??[21]????????????? 
 
Case 2??????? 
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Case 2?????????????? 4-14?????????
???????? 0.20m (10hh=0.02m?14hh=0.013m)?????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
???????????????? 
????????????????????????????
????????????????? 4-15??????????
? 5 m/s??????? 0.02m(1hh=0.02m?1.4hh=0.013m)???????
??????????????????????????????
???????? 0.04m(2hh=0.02m?3hh=0.013m)??????????
?? 0.1m(5hh=0.02m?7.1hh=0.013m)?????????????????
???[21]?????????????????????????
???????????????????????? 4-16????
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??????????????????????????????
???????? 4-17????????????????????
???????????????? 
? 4-18??? x?z???????????????? y??
??????????????????????????????
????????case 2???????????? z??????
??????????????????? case 2????????
????????? 
? 4-19-1~?4-19-4???????????????????
?????????????? 1???????????????
? 10??????? 2??????????? 15???????
???????? 25????????????????????
1?????????????????????????????
? 30Hz??????????????? 
 
case 3??????? 
 Case 3?????????????????????????
??????????????????????????????
??????????????????????????????
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? 4-20??? 4-21??????????? case 1??????
??Eaton and Johnson [1982] ?????????????????
?????????????? 4-20?? 4-21???????? case 
1?????????????????????????????
?????????????????????????????
????????????????? case 1??????????
??????????? 4-22?? 4-23????????????
?????????????????????????????
case 1????????? 4-24????????????????
???????????????????? case 1???????
?????????????????????????????
26Hz??? 
 
case 4 ??????? 
Case 4?????????????? 4-26??????????
????????????? case 1?????????? 4-27??
??????????? 0.16m (11h)??????case 4?????
??????????????????????????????
??????????????????????????????
??????????????????????????????
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??????????????????????????????
??????????????????????????????
4-27????????????????????????????
??????????????????????????????
??????????????????????????? 4-28
?? 4-29???????? case 1??????????????
???????? 4-30???????????????????
???????????????????????? 1?????
??????????? 10??????? 2?????????
?? 12??????????????? 22??????????
??????????????????????????????
27Hz??? 
 
case 5??????? 
 Case 5?????????????? case 4??????? 4-32
???case 5??????? case 1??????????????
4-33????????????????????? 0.18m (12h)?
? case 1??????????????????????????
???????????????????????? case 1???
??????????????????????????????
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??????????????????????????????
?????? case 1?????????????????????
?????? case 5?????????????????????
??????????????????????? 4-33????
??????????????????????????????
?? case 1??? 4-34????????????????????
???? 4-35??????????????????? 4-36??
?????????????????? 4-37-1~? 4-37-4????
?????? case 4?????????????????????
??????????????????????????????
?? 27Hz???
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Chapter 5 ?? 
 
 ???????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????? 
???????? 
 ????????????????????????????
???????????????????????????? 
???????? 
 ????????????????????????????
??????? case 1????????????????????
??????????????????? case 1????????
??????????????????????????????
?????????????? 
???????? 
 ???????????????????????????
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??????????????????????????? case 1
????????? case 1??? 
???????? 
 ???????????????????????????
case 1???????????????????????????
???????? 
???????? 
 ????????????????????????????
??????????????????????????????
???????? case 1? 
 ????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
???????????????????????????? 
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 ????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????? 
 ??????????????????? 25Hz??????
??????????????????????????????
??????????????????????????????
??? 
 ????????????????????????????
??????????????????????????????
???????? 
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( )122 ij ijS S S=  
( )2SGS sC Sν = ∆
1
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ji
ij
j i
uuS
x x
 ∂∂= +  ∂ ∂ 
uuvuv
( )122 ij ijS S S=  
 
LES(Large Eddy Simulation) 
A 
Smagorisky???
?????? 
 
 
?? 
 
 
?? Smagorinsky
????????
??
??????????
? Eddy Viscosity???
?? 
 
???? Navier-Stokes 
????? ????? 
 
? 3- 2 ????? 
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0u
t
ρ ρ∂ +∇ =∂
v
 
21
2
u u u p g
t
ρ ω ρ σ ∂ + ∇ − × +∇ − = ∇ ∂ 
v v v uv
 
0
p
dpTc u T q k
t dt
ρ σ∂ + ∇ − = +∇ ∇ ∂ 
v
   
( )0P t RT=
FDS??????????????????
????????????????????
?????????????????? 
 
?? Boussinesq 
Approximation????
??????????
???(Spatially 
Averaged Quantity)??
??(Perturbation) 
FDS????????
??????????
???????? 
????? 
  
???????? 
  
???????? 
 
????????  
A
? 3- 2 ?????(?) 
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? 3- 3 ???? 
 
? 3- 4 ??????????? 
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? 4- 1 y=0.1m ??? 
 
 36
  
? 4- 2 y=0.1m ???????? 
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? 4- 3 y=0.1m ????? 
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? 4- 4 y=0.1m ??????? 
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? 4- 5 y=0.1m yz???????? 
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? 4- 7 (a)4.0008?(b)4.0016?(c)4.0024?(d)4.0032? 
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? 4- 8 (a)4.0040?(b)4.0048?(c)4.0056?(d)4.0064? 
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? 4- 9 (a)4.0072?(b)4.0080?(c)4.0088?(d)4.0096? 
 45
 
? 4- 10 (a)4.0104?(b)4.0112?(c)4.0120?(d)4.0128? 
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? 4- 11 (a)4.0136?(b)4.0144?(c)4.0152?(d)4.0160? 
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? 4- 12 (a)4.0168?(b)4.0176?(c)4.0184?(d)4.0192? 
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? 4- 13(a)4.0200?(b)4. 208?(c)4.0216?(d)4.0224? 
 
 
 
 
 49
 
? 4- 14  y=0.1m ??? 
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 ? 4-15 y=0.1m ???????? 
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 ? 4-16 y=0.1m ????? 
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 ? 4- 17 y=0.1m  ??????? 
 
 
 53
 
? 4- 18 x=0.01m yz??????? 
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? 4- 19-1x=0.01m, z=0m 
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? 4- 19-2 x=10cm, z=2cm 
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? 4- 19-3 x=15cm, z=0cm 
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 ? 4- 20 y=0.1m ??? 
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 ? 4- 21 y=0.1m ???????? 
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? 4- 22 y=0.1m ????? 
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 ? 4- 23 y=0.1m ??????? 
 
 
 60
 
? 4- 24 x=1cm, yz???????? 
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? 4- 25-1 x=1cm, z=0cm 
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? 4- 25-2 x=10cm, z=2cm 
 62
0 20 40 60 80 100 120 140
0
50
100
150
200
250
300
350
400
450
STEP3-X=15cm-Z=0cm-P-Frequency content of y
frequency (Hz)
 
?? 4- 25-3 x=15cm, z=0cm 
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 ? 4- 26 y=0.1m ??? 
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 ? 4- 27 y=0.1m ???????? 
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? 4- 28y=0.1m ????? 
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 ? 4- 29 y=0.1m ??????? 
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 ? 4- 30 y=0.1m yz???????? 
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? 4- 31-1 x=1cm, z=0cm 
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? 4- 31-2 x=10cm, z=2cm 
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? 4- 631-3 x=12cm, z=0cm 
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?? 4- 31-4 x=22cm, z=0cm 
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? 4- 32 y=0.1m??? 
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? 4- 33 y=0.1m???????? 
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 ? 4- 34 y=0.1m ????? 
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 ? 4- 35 y=0.1m ??????? 
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? 4- 36 x=1cm, yz???????? 
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? 4- 37-1 x=1cm, z=0cm 
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? 4- 37-2 x=10cm, z=2cm 
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? 4- 37-3 x=12cm, z=0cm 
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